F
retting wear is defined as wear generated at surfaces designed to remain fixed to one another, such as nonarticulating arthroplasty fixation surfaces or modular component junctions. Its importance has been recognized since the 1990s, when it was identified as a source of third-body debris that could damage articulating surfaces [7, 8] . More recently, the head-neck junction of total hip replacements has been established as a potential source of substantial fretting wear, particularly in largediameter metal-on-metal bearings. In knee replacements, studies of backside wear of tibial inserts demonstrated early on that sufficient debris could be generated from this interface alone to initiate osteolysis [4, 5] . Consequently, since the early 2000s, tibial insert backside wear has been considered an important problem in total knee replacements.
This timely study by Sisko and colleagues provides evidence that a robust locking mechanism combined with a polished baseplate can decrease backside wear and damage. The study also confirmed predictions made from in vitro laboratory simulations, as well as observations made from previous retrieval studies [1, 3, 9] .
The present study highlights the importance of retrieval analysis in the process of implant design and development. Unfortunately, retrieval studies are expensive, difficult to conduct, and challenging to get funded, particularly by independent sources. Therefore, the number of implants included in many retrieval studies pale in comparison to the actual number of implants that are revised. Using the Nationwide Inpatient Sample, Bozic and colleagues [2] identified more than 60,000 total knee revisions in the US within a 15-month period from 2005 to 2006. They further indicated a steady increase in revision procedures in recent years. The discrepancy between the large number of revisions performed and the small number of retrievals analyzed makes it difficult to generalize the findings of retrieval studies to the general population.
Where Do We Need To Go?
The next frontier in joint replacements is reducing fretting wear from modular junctions. As Sisko and colleagues show, this problem has been addressed and resolved (at least in some designs) for tibial insert backside wear. However, in many other areas, fretting wear remains a concern and requires further research. As an example, metal wear generated at the head-neck taper and trunnion, particularly in large diameter metal-on- metal hip replacements, still requires closer study and novel solutions. In this process, together with preclinical testing and simulation, retrieval analysis should be viewed as an integral and vital part of implant design and development. Ideally, as an innovative design or new material is introduced, the interested parties should take advantage of the published protocols and established methods that are in place to analyze and learn from early retrievals. Funding for this important stage of product development and testing should be considered an essential cost rather than a satisfaction of scientific curiosity. Consequently, potential failures may be caught before an implant is marketed. Moreover, as in all aspects of product design and engineering, complications and failures may be observed not only during initial testing but also during the actual service life. During these stages, analysis of retrieved implants is an essential tool to determine causes and mechanisms of failure and to resolve problems. Seemingly subtle differences in joint replacement implant design and material may lead to profound and sometimes unexpected differences in outcome. (An example, perhaps closely related to the present study, is the surface finish of cemented femoral stems in hip replacements). Moreover, many years of in vivo use are needed to determine the resultant differences in outcome. Therefore, following a new design or design modification, such as polishing the tibial tray, a systematic and elaborate approach must ideally be in place to monitor the actual outcome and compare it to the desired or predicted outcome. This would be analogous to implementing a closed-loop feedback control system in circuit design, in which the actual output of the system is constantly monitored and compared to the desired signal. The difference, known as the error, is used to continually correct the output. Everyday examples of closed-loop feedback range from simple air-conditioners with climate control to self-driving vehicles.
How Do We Get There?
As a community, we should prioritize funding towards not only preclinical testing of joint replacement implants, but also retrieval and failure analysis of revised implants. Retrieval analyses call for advanced technology, including high-resolution metrology equipment and software for the quantification of extremely small changes in dimensions and surface textures. The authors of the present study have appropriately used micro-CT equipment to assess wear; another expensive technology. More importantly, state-of-the-art analysis requires highly specialized and experienced investigators and observers. Perhaps for these reasons, most retrieval studies are done on a small sample size. The authors of the present study acknowledged how the small sample size imposed limitations in making conclusions regarding several variables of interest.
Several parties are involved in the process of bringing an implant modification to market, including inventors, manufacturers, and regulatory departments. In order to integrate retrieval analysis as a fundamental part of new or modified implant evaluations, all of these interested parties need to be convinced and committed to its importance and value. If implant retrieval is mandated on a large scale, the cost becomes a substantial concern. As it stands, the community generally expects the implant manufacturer to carry the burden of the cost of such analysis. However, independent funding from federal agencies may offer advantages over industry funding. For example, concerns about the objectivity of study design and conclusions may be minimized if an independent source of funding exists. Ideally, retrieval studies need to be done prospectively, with emphasis and focus on a new design or a particular design modification, looking for consequences of the implemented changes. Despite being prospective, the nature of such investigations may often be exploratory rather than hypothesis driven.
Many important advances in understanding of joint replacement function and failure have come from independent academic research labs with a focus on retrieval analysis [6, 8] . Currently, obtaining funding for this type of work on a large scale could prove daunting. Eventually, however, design flaws may prove costlier to the community than the cost of early and planned systematic retrieval analysis.
